Unless mentioned otherwise, we have used 5 mM Tris-HCl buffer for all the experiments reported in this paper, including the control experiments described in the following. To show that protein flux from a concentration gradient contributes to the TIMES signal, we Current (nA)
Signal generated by protein-free buffer flowed into the microchannel filled with the same 5 mM Tris-HCl buffer. The absence of detectable signal supports that the observed TIMES signal was produced by protein instead of other side effects.
Unless mentioned otherwise, we have used 5 mM Tris-HCl buffer for all the experiments reported in this paper, including the control experiments described in the following. To show that protein flux from a concentration gradient contributes to the TIMES signal, we 2 created a reverse concentration gradient for trypsin by first filling the channel with trypsin and then flowing buffer into the channel to drive the trypsin away from the electrode. By reversing the protein concentration gradient, we observed that the polarity of the TIMES signal was also reversed (Supplementary Fig. S1a ). The result supports our hypothesis and provides the rationale of the experimental design.
We conducted negative control experiment by introducing Tris-HCl buffer into a Tris-HCl buffer filled channel. The absence of any detectable signal ( Supplementary Fig. S1b ) suggests that no signal was produced by artifact such as temperature gradient or flowinduced shear stress. Thermolysin and phosphoramidon, with K D calculated to be 19.1nM.
Supplementary
Physical Model:
Assume that each time a protein hits the electrode surface, it will induce a charge on the gold electrode it contacts: q(t). q(t) has the unit of Coul. The protein may stay on the electrode surface or leaves the surface after a time period " .
The net charge signal produced by all the protein molecules at a specific time becomes
where is the net flux of protein towards the electrode, having the unit: #/Area-s.
Taking the time derivative of (1), we obtain
." , .,
is the amount of protein-induced current (unit: Amp).
We divide the fluid into two regions: region 1 covers the entire space in the microfluidic channel and region 2 is the proximity to the surface of the electrode, typically within the Debye length of the thickness of around 1 nanometer.
Since there exists no electric field in region 1 and because of the laminal flow, the protein concentration away from the electrode interface is governed by the diffusion equation due to protein concentration gradient. We have 
As shown in the figures below, the problem in (4) is equivalent to the problem in (5) with different boundary conditions: 
Note that (12) 
= P}~• Q€
where is the charge of the protein and is the zeta potential. We have assumed that the protein concentration is low enough not to change the ionic strength of the buffer. Therefore the zeta potential is not changed significantly by the protein.
